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METHOD AKD SYSTEM FOR PERFORMING 
GEARBOX FINAL ASSEMBLY CLEAN CHECK 

STATEMENT REGARDING FEDERALLY SPONSOREI) RESEARCH & 
DEVELOPMENT 

The U.S. Govemment may have certain rights in this invention pursuant 
to contwt number N00019-96-C-0080 awarded by the Depaitment of the Navy. 

BACKGROUND OF THE INVENTION 

This invention relates generaUy to gearboxes and more particularly to 
clean checles for closed gearboxes used in gas turbine engines. 

A gas turbine engine used to propel an aircraft in flight includes a 
compressor that provides pressurized air to a combustor where the air is mixed with 
fuel and ignited for generating hot combustion gases. These gases flow downstream to 
one or more turbines that extract energy therefrom to power the compressor via a shaft 
and to produce thrust to propel the aircraft. 

Aircraft engines ordinarily include a number of accessory devices, such 
as fuel pumps, lubrication pumps, generators and control units, which are driven by the 
core engine. This is typically aocompHshed by an accessory drive train that includes an 
inlet gearbox, a radial drive shaft, a transfer gearbox, a horizontal drive shaft, and an 
accessory gearbox. During manufacture and assembly, the gearboxes can become 
contaminated with metallic particles such as steel shot peen debris. If such a 
contaminated gearbox is installed on an engine, it is possible that the contaminants 
could migrate through the engine's lubrication system to other engine components such 
as bearings. Accordingly, it is important that gearboxes installed on engines are 
contaminant free to prechide the possibility of bearing or other component failures. 

Efforts to produce contaminant free gearboxes typically include 
subjecting the gearbox piece parts to a cleaning and clean check process prior to final 
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assembly, dean checks of such parts conventionally use an alcohol-based fluid to 
remove any contaminants that may be present on the parts. Such efforts are not 
always fully successful because additional contamination can occur during final 
assembly. Thus, it would be helpful to perform a dean check on the geaitox after final 
assembly. However, some gearbo^^s, particularly the accessory gearbox, are "dosed 
gearboxes" in that they are completdy closed to the exterior environment. Performing 
a final assembly clean chedc on a closed gearbox using a standard alcohol^based fluid 
wdl lead to dry spots internal to the gearbox and subsequent corrosion in the gearbox. 

Accordingly, there is a need for a system and method to perform dean 
checks on closed gearboxes after final assembly that wiU not lead to internal dry spots. 

BRIEF SUMMARY OF THE INVENTION 

The above-mentioned need is met by the present invention which 
provides a method of performing a clean check on a geaitox in which an oil-based 
fluid is flushed through the gearbox and then through a filter. The filter is then 
weighed to determine the weight of contaminants coUected in the filter. The 
contaminant weight is compared to a predetermined leve; wherein the gearbox is 
acceptable if the contaminant weight is below the pr^^determined level. This method is 
carried out on a system that includes a source of the oil-based fluid fluidly comiected 
to an inlet of the gearbox and a filter fluidly connected to an outlet of the gearbox. A 
device sudi as a pump is provided for causing the oU-based fluid to flow through the 
20 gearbox and the filter. 

The present invention and its advantages over the prior art will become 
apparent upon reading the following detailed description and the appended claims with 
reference to the accompanying drawings, 

BRIEF DESCRIPTTON OF THE DRAWINGS 

The subject matter which is regarded as the invention is particularly 
pointed out and distinctly claimed in the conduding part of the specification. The 
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invention, however, may be best 
taken m conjunction with the 



accompanying i 



Figure 1 is a 
clean check on a dosed gearbox. 



scheciatic 



Figure 2 is a 
with the system of Figure 1 . 



scheiaatic 



Figure 3 is a flo'vir 
assembly clean check on a closed 



chart iUustrating a method of perfbnning a final 
,;earbox. 



DETAILED DESCRIPTION OF THE INVE>mON 



Refening to the 
the same elements throughout the 
check on a finally assembled, close)l 
The gearbox 12 can be any sort 
turbine engine, which is closed to 
generally need to be lubricated 
conventional lube inlet 14 for 
conventional hihe outlet 16 for 



preliminaiy filter 1 9 and a piimaiy : 
connected to the preliminaiy filter 



understood by reference to the foflowing description 
drawing figures in which: 



tic view of a system for perfonning a final assembly 



view of an ancillaiy system used in conjunction 



drawings ' 



wherein idejntical reference numerals denote 
various views, a system 10 for perfbnning a dean 
gearbox 12 is shown schematically in Figure 1 
lox, such as an accessory gearbox in a gas 
i ;s exterior environment. Because gearboxes 
operation, the gearbox 12 incihides a 
admi^ lubricant into the gearbox 12 and a 
lubricant fi'om the gearbox 12. 



of geaibt 



I duripg 



removing! 



The system 10 further includes a dean check fluid source 18, a 



r f iter 20. The clean check fluid source 1 8 is fluidly 
• 1 9, v/Uch is in turn fluidly connected to the lube 
inlet 14. The primary filter 20 is flujdly connected to the lube outlet 16. SpecificaUy 
the elements are connected by a plurality of suitable fluid canying lines 22. A pump 24 
or similar means is provided to cause clean check fluid from the source 1 8 to flow 
through the preliminary filter 1 9, the gearbox 12 and then the primary filter 20. As the 
dean check fluid flows through the gearijox 12, it entrains contaminants that are 
present intemaUy of the gearbox 12. Contaminants entrained in the dean check fluid 
are then captured in the primary filter 20 as the fluid passes therethrough. Fhiid exiting 
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contaminanu pnbr to pajsini througb d,e gearbox 12. 

by «e,gb^ the primary U,cn compari,^ ,b= w«gh. of 

pnmao-fflterao after the fluid fl,.^ .„ the filter weight prior to the floid ^ 

U.ep«^ffl.er20. Although the pon^ 24 i3 sho™ i„ Pigie , asb^ugiocaL 

p2T. :r " --"^ ^"oX the 

pump 24 could ahen-ative^ be located dowu.tream of the gearbox 12. He ay«en. 

2-c.udea suitable toeing (not aho^)fo.,c,^^,,^^,,^^f-''' 
flushing opexatioa ^ 

In one preferred eobodimet* of the present invertioo. the dean check 

dean Check flurd u> a dosed gearbo. Preferably, the oil-^ased fluid w«l be of a 
^..table v^^ity so as to flow well and no, dog up and also entrain a very large 
^-.ageof*ec««a^p^^,i„^,^,^„^^^^^^^^^^^^^^ 

to been found to perfern. satisfactorily is MI1,L.23699 ofl. Tie fluid carrying 
l.nes 22 are nylon lined or otfrerwise made of a notarial that will no. break d.^wL 
using the MIL-L.23699 oil. asnownwnue 

He preliminary and priaiaiy filters 19 and 20 ar« both preferably a 3 
m.cr^ collection filter. Ita, the filters 19 and 20 will capture contaminant particles 
s.zed 3 mrcrons and larger. The filters 1 9 and 20 should both be large enough to 
handle the volume of dean dteck fluid that will be flowing thereU^ough. which wifl be 

as descnbed in more detail below. 

During operation of the system 10, the primary filter 20 will trap a 
cenam amounf of the oil-based fluid in addiUon to the contaminants that it is intended 
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rp^Lir— 7-— ^^^^^ 
rr— JT— ^^^^^^ 

spints and ,soproi>yl alcohol („r a combinatioii tteeoO. 

Tie soaldng process removes residual oil torn the primal fiU_ 20 
Wh.e^cne^le.^^^.^ However. 1. is pos*e L"1J^: 

tod. h. o^er .o recap^re ttese co„.™i^. ^ 
ftoherinckdes a secondary filter 34 lh»n.fi„;ji a^systemzs 
the tank 30 Th, , f " 3« formed in 

^^30. The secondatyfiher 34 alsoisprefaablya3micr„n collection filter 

^«.erp^p3,orsimi,armeanai.p„^ded.oca.eU«soKent33*omtheL 
30 to flow through the secondary filter 34. which recaph.es contaminants entra^m 

ZT d ■ ^'^'^'^^ ^»f<He elements oftheancilla., system 

w«ght of the contaminant, removed from the gearha. 12 is the. detennined by 
we.^ both Alters 20 and 34 and comparing the combined filter weight to th' 
combmed weight of the filters 20 and 34 prior to use. 

Referring now to Figure 3. one prefeied «nbodiment for using the 
^e systems 1° and 28 to perfo™ a clean check on the finally assembled. Cosed 
8-rbox .2 . described. The method starts a. block .00 and proceeds to block 102 
where the oil-based fluid is flushed through the geari«. ,a (to entram contaminants in 
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«a "'^P^^s'^e are too liigh, then the primaiy filter 20 cnoMk ^ 
a.e gc^ox 12 « abou, 40 pounds p,. " •^''"«^ 

The method aaa proceeds to block 104 wher4 ih. nri 
removed from the svsl»m i n . j , . . filter 20 is 

J xiavc ueen removed from the priinaiv fiiti-r on - , . 

Wd during d,e solvent soak stec <'i«»ived oil-based 

104 snd 106 are SZ T "'^'^ """"^""^ ^>°=ks 

.oakedina^ ar^ro'r;™^'*''''^ 

-..^e^^uysoakedZtr/o^:^:: """7'°^^ 

Botbo..heseso.n.sarepassedro:zrsr:':::::r°:T""^ 

-.*.con^.lono.solv.tsls^tee«^a.2rj:rrj:r 

weickea. . °°"'^"'"^""™'«"""'P'««'.'><'a.fiH«s20and34a,^ 

w^ghed to detennme the cmuladv. weigh, of contaminants collected in ZZ ,o 

■nd34,aslndicatedatblockI0S Vr^t ,,. ,. "° the filters 20 

andthenth ,.• ^''"''ffl"" 20 34 are weighed 

and then the combmed weight of the filters ?n=»ji^ • 

.k 1. ^° '"'"^ {"""0 use is subtract.H ft™ 

^e^bmedpost-use weight of abaters 20 and 34 toprovld..h.r^^.!r 
captured contaminants. ^e;gnx ot 

w.i«htisc„„ '^!r°''°"'""'""='"°"«^ ^netcontaminan. 

rr ' ^"^-^ Of the dean 

method proceeds to block 1 12 where the .earhox 17 1.. / 
dean check, and then ,h. . ^''^ °' ""^8 passed the 

heck, and then the method ,s completed as shown in block 1 14. However, if the 
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the fluid flush is considered If the a.,^ u . ^^^^'^^'^ ' 2 has gone through 
weigh, Wt. '*''"'""°'""'»'«'°"W"»tte.etco«»taa., 

"> fluid ^ c^:"^"" '-"^ « » "^•'^ ^ 

f'vun, tae metood proceeds to bloct ii » , u 

shown in block 114 Tvn,VnH« ^ ''"^^^^ method is completed as 

^^"=^y' a rejected gearbox will then 
inspected. Parts win . then be torn down and 

100. beginning at block 

Which c« can .«c„w/3^.^;!T'"^=^ 'e^l i. s« « a icve, « 
™mea level wUl be in the range of 70-90 milligrams. 

WMe specific °" ^ 

epa^ng *o„, ^ ^ ^^^^ ^ ^^^^ ^ 
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